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3II INTRODUCTION
1. RemarVa on the metallurgy of zinc
The metallurgy of zinc, though perhaps the least efficient
metallurgical process widely used, has in the last 300 years,
undergone less change than that of any other metal. This is
true in spite of the large increase in the usefulness of zinc
both in quantity a.nd in manner.
An inquiry concerning the efficiency of the smelting
process as conducted in a typical American plant shows that
only about 86% of the zinc is actually recovered in cood
practice. Much of the loss is in zinc held back in the re-
tort residues.
Were it not for the sulfuric acid made as a by-product,
the cost of zinc would be quite prohibitive for most of its
ordinary applications. An undoubted saving could be accomp-
lished were it possible to extract cheaply the last of the
zinc remaining in these residues. Such an attempt is the
object of this work.
2. Object of this work
In order to determine -ore definitely the condition and
amount of zinc retained in these residues, and to study the
possible means of recovery, investigation has been made of
residues from a typical zinc smelter, using a fairly standard
smelting practice on a high grade Joplin blende ore.
3. Survey of the literature
The literature since 1381 offers not a single detailed

6exposition of work dc ne on z inc extraction from such residues
,
although a few papers have been published dealing with the
recovery of precious metall and of coal. During the same
time, however, half a dozen patents were granted in this
country and in Europe on various methods for recovering zinc.
The first one mentioned was granted in England to Fry' in
1898. It advocated stirring with a green pole the carbon-
aceous residues mixed with raw ore, on a basic hearth.
Homel's 2 British patent in 190? was about the same as
Fry's, omitting the green pole, but specifying the subsequent
treatment of the fume with sulfur dioxide solution, the pre-
cipitation as a monosulfid by heating the ZnH 2 (S0 3 ) 4 formed
and final ignition to ZnO,
Stolzenwald'
s
3 United States patent 1903, is similar to
Homel's, but omits the treatment of the fume.
Maclvor* in 1906 was granted .an English patent for treat-
ing the residues with calcium chloride and sulfuric acid to
obtain a solution of zinc chlorid.
Stolzenwald' 5 German patent 1908 suggested concentrating
the residues by screening and blowing.
The last one mentioned is a United States ratent to Jones'3
in 191a. The zinc is to be concentrated by igniting the pile
of residues at the bottom. The volatilized zinc product will
•
.
Journal of Soc. Chem. Ind., v. 18, 231
2. Chem. Abe. 1908, 2313
3. Chem. Abs. 1909, 239
*. Chem, Abs. 1903, 335
5. Chem. Abs. 1908, 1543
e. Chem. Abs. 1914, 3??4

4condense in the cooler portion at the top of the pile. The
concentrate can then he treated as an ordinary ore.
7 *3Where the residue carries values in precious metals, it »
has been mixed in small quantities after sintering with regular
lead charges.
4. Material worked on
The material worked on was the residue from the distillation
of a roasted -Joplin blende ore concentrate smelted at a large
plant in central Illinois. The concentrate was roasted for
sulfur dioxide and the product which still contained some sul-
fate was mixed with anthracite coal and distilled in a Belgian
type of zinc furnace. It is evident that any sulfate remain-
ing in the roasted ore would be reduced during the distillation
process to sulfide and would remain in the retort residues.
This would account for a part at least of the zinc in the re-
sidues
.
5. Obtaining the ssmpls
At the plant in question, the residues cleaned from the
retorts had been stored in a large pile awaiting the time when
they might be profitably treated for recovery of the zinc and
coal which they contained. The sample used in this work was
taken by scooping up at random, about ten kilograms of the
material from the edge of the pile, without any effort at
obtaining a completely representative sample.
f. Johnson, Met. and Chem. Eng. v. 18, 135
a. Stock, Met. and Chem. Eng. v. 19, 375

53. Analysis for fineness
The residue as received gave the following tests for
fineness on a 3400 erram portion:
TABLE I
Fineness Analysis Of The Residues
Size of mesh
On 10 41.7
Thru 10 on 40 43.3
Thru 4O 15.0
7. Interpretation of analytical results
All the results of the analyses which are given in this
paper must be interpreted carefully. Care was taken to use
a representative portion, for analysis, of the amount of
residues available for experiment. The amount thus available,
however, was not strictly a fair sample of the pile from which
it was taken and was still less typical of the total by-product
of the zinc furnaces of that plant. That aside however, an
effort was made tc secure each result as accurate as circum-
stances permitted. The author feels that even the roughest
determinat ion, that is for fineness, is not in error over one per-
cent and that the others are as much more accurate than this
as they are proportionately more important.

6III THE EXTRACTION OF THE ZINC
1 . Idea of the work
The idea adopted in this work was to extract the zinc
and iron content of the residues with a solvent. From this
extract the zinc was to be removed either as the metal or in
the form of a salt. It was decided that the first attempt
would be to electrolyze the solution for the metal, because
this seemed the most profitable course. The first step was
to determine the effect of the commonest solvents on the
residues and then pick out the one which seemed most suitable,
for electrolytic experiments.
3. Definition of "critical strength"
The critical strength of reagent may be defined as that
concentration which contains just sufficient active material
(CI", 0H~, S0~~) in a gi^en volume to combine with all the
zinc and iron in the weight of residues which the given volume
of reagent will cover. In the absence of other limiting
factors the critical strength of reagent was considered the
best to start with in each case. With sulfuric acid it was
thought advisable to experiment also with acid of approximate
density 1.55 as this is about the strengtn of chamber acid.
3. Method of extracting
The extraction was made by covering the residues with
sufficient reagent and allowing the mixture to stand for ten
days. It was then filtered and the residues washed, until
the washings gave no reaction with K 4Fe(CN) s . The resulting
solution was concentrated to a known volume and analyzed for

zinc and iron.
4, Results of extraction
Table 3 following, gives the results obtained with HOI and
H 2 S0 4 on the saaple in various decrees of fineness.
TABLE IT
Zinc Extracted By Hydrochloric Acid and Sulfuric Acid
Sample
Marked Reagent Fineness
1o Iron % Zinc
Extracted Extracted Remarks
8a HC1 1.057 As del'vd
3b " " " "
3c " " " "
Average
lOe H 3 S0 4 1.557
lOg " "
lOh "
Average
95
throuerh
100 mesh
3e H 2 SC 4 1.131
M
it n tt
Qfr » » "
8h " " "
Average
9a HOI 1.057N
9b " BBf>
9c " " [through
9d " " )l00 raesh
Average
9e H S S0 4 1.137]
9f " » 95+%
9g " through
Average JlOO mesh
V
lie H 3 S0 4 1.557 As del'vd
T]_f ti it n n
llg »
llh
Average
37 .60 45 . 30 Critical Strength
30.70 50.30 TI n
30 . 30 4^ .10 II n
<s9.53 47 .30
33.80 39.70 H ti
33. 30 33.90 M ii
oo , bu 3d , »3 n ti
did
.
dU 3o
. do ii n
31
.
oO 3 :5 . 1
9
OO ,4U ii ii
30.00 ti n
33.00 43.30 i n
73.90 49.00 N it
71.30 48 . 30
73.30 4 5.10 II ti
76.50 45.30 II ii
77.50 43.90 II ti
75.43 45.10
80.20 56.30 App. Chamber Acid
74.80 31.00 it n
73 .00 31.00 ii H
7 7.70 59.40
33.30 43 .40 H ti
34.30 53.00 n n
35 .00 31 .90 n n
35 .30 ii it
34.50 57 .10

8SUMMARY
i Iron °h Zinc
Reagent Density Fineness Extracted Extracted Remarks
HC1 1 .05? As dl'vd 39.53 4?. 30 Criti cal Strength
H 2S0 4 1.131 ti ii 31 . oO 38 .19
ii it
H 2 S0 4 1 . 557
ii ti
.50 57 .10 App.
Criti
Chamber Acid
HC1 1.057 } 95, f> 71.80 48.30 cal Strength
H 2S0 4 1 .15? 1 thro igh I 75.40 4^.10
it n
H 2 S0 4 1.557 j 100 mesh { 77 .70 5J.40 App . Chamber Acid
5. Conclusions from Table II
Several conclusions may be drawn from these tables:
(l) Only about 60> of the zino is soluble in sulfuric acid.
This is possibly due to zinc ferrite formed during the roasting
and the distillation. This compound according to In^alls' is
insoluble in H 2S0 4 . Isherwood 2 advocates further treatment with
heat and pressure. Vigorous ag-itation during the period of
extraction would very likely increase the amount of zino recover-
ed
.
(3) In the leaching of zinc with H 2S0 4 the important factor
is the degree of fineness of the material rather than the
strength of acid. In the case of iron the contrary is true.
5. Distribution of zinc as to fineness
An attempt was made to ascertain the distribution of the
extractable zinc and iron among the different degrees of fine-
ness of the material. For this purpose the sample as deliver-
ed was divided into three parts, the first that which remained
on 10 mesh, the second that which passed through 10 mesh but
remained on 4O and the third that w'rich passed through 4O . The
results obtained are given in Table III. It should be
1
.
Ingalls, Met. and Chem. Eng. v. 14, 364
2. Isherwood, British Patent 3385

9explained that the percentage figures refer to one total portion;
thus for the sample marked la under the heading "percent by
weight of total portion" is given the figure 34.5. TMs means
that the sample narked la weighed 34. 5fc of the total sample
marked a, which was divided according to fjneness into three
portions each marked la, 2a and ?a, r espectivel v . The same
remark applies to the figures eriven under the headings "percent
zinc and rercent iron extracted"
.
TABLE III
Distribution Of Extracta.ble Zinc And Iron As To Fineness
$ By % iron $ Zinc
Weight Of Extracted Extracted
Sample Total On Total On Total
Marked Reagent fineness Sample Sample Sample Remarks
1.137 On 10
n ii
it it
"
] Throusrb
" 10 On"40
M > tl
" Thru 40
ti ti
If H 2S0 4
lb "
Average
af
^ :3h "
Average
?f "
7p
7h
Average
la HOI
lc
Id
Average
2c "
2d
Average
1.C57
n
M
On 10
it
M
43 . 50
38.^0
3^.30
33
.
50
47.00
53.30
45.10
43.83
10.00
10.00
17 .80
12 .53
34.50
35.10
33 .60
36.07
43.30
49.30
46.30
43.3
10 . SO
8 .50
12.15
10.52
62.00
6 . 80
.86.30
64.93
37.10
34. SO
21.75
34.53
11.10
13.90
14.70
13.23
53 .50
53.00
53.70
56.07
13 . 30
13 . 30
14.00
15.63
53.00
58.00
55 .50
55.83
37.70
37.40
30.50
33.53
34.40
17.50
20 .00
20 . 33
44.30
43 . 30
45.70
43.37
ht)
—
•
u
•p
03
o
»H
o
" ) Thru 10
On 40
N
(Continued)

10
(Table III Concluded)
Satr.pl e
Marked Reagent Fineness Sample
% By % Iron f> Zino
Weight Of Extracted Extracted
Total On Total On Total
7a HC1 1.057 Thru 40
7 c " "
"
7d " " "
Average
17.30
15.10
15.30
15.63
SUMMARY
Sample
30 .40
30.10
31.60
30.70
Sample Rerrarks
3C
. 30 ,1
33. bO ' Critical
34.30
|
Strength
35 . 30
Reagent
and
°/o By % Iron % Zinc
Weight Of Extracted Extracted
Total On Total On Total
Density Fineness Sample Sample Sample
HC1 1.057 On 10 36.07 13.33 30 . 33
« it Thru 10 On 4O 40.IO 56.07 43.37
ti ti Through 4O 15.83 30.70 35.30
H 2S0 4 1.137 On 10 33 . 50 10.53 15.63
M tf Thru 10 On 4O 43 .63 54.93 55.83
It ft Through 4O 13.53 34.58 23.53
7. Conclusions from Table III
The results given in Table III are somewhat erratic. We
may, however, safely draw the conclusion that about 80% of the
extractable zinc and iron is contained in the SG% of the re-
sidues that oass through a ten mesh sieve. The disproportion
is not sufficiently great to be important.
L
>
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IV ELECTROLYSIS OF ZINC
1. General consi derat icns
The electrolysis of zinc was, as might be expected, first
considered as a means for the rapid estimation of zinc. A
number of methods have been outlined in the journals from time
to time, most of them giving Quite a quantitative separation.
None of them, however, lends itself to extension on a scale
suitable for the commercial extraction of zinc. The reasons
are, the costly electrodes, the restrictions in the concen-
tration of electrolyte, the large quantities of inorganic
addition reagents, and in some cases the costliness of chang-
ing the zinc over to the particular compound advocated for
electrolysis. In many cases, too, the process loses its
advantages entirely when the layer of deposited zinc exceeds
0,1 or 0.3 mm. A commercially successful process on the
other hand need not be quantitative, but must be economical
and must yield a satisfactory deposit.
Unfortunately, the electrolysis of zinc sulfate offers
much greater difficulty than that of the corresponding copper
salt. It must also be remembered that in the case of copper
the successful process is the purification of an almost purs
material present as a soluble anode, whereas, in this work
we aim to electrclyze the zinc from a steadily diminishing
concentration of electrolyte.
3. Important factors in electrolysis
The important factors in the electrolytic process may
be listed as follows in the order in which they usuallv have

to be considered:
(l) The nature of the anion.
(3) The concentration of the zinc ion.
(3) Impurities in the electrolyte.
(4) Addition reagents.
(5) Zinc sponge.
(6) Electrodes.
(7) Circulation of the electrolyte.
(3) Current density, current efficiency, voltage
efficiency, and enersry efficiency.
(9) Minor factors, temperature, etc.
3. Nature of the anion
About half a dozen different inorganic anions have been
suggested* S0^~ js easily the favorite, Cl~ may be placed
next. Others worthy of mention are ON" in K 2 Zn(CN)<, ; (0H)~
from Na 2Zn0 2 ; (OH)~from Zn (NII 3 ) 4 (OH) 2 in a solution containing
2 3
NH 4 C1; HSO3" ; F "as ZnF 2 in a solution containing NH 4 F; and
the fluosilicate* ion in a zinc fluosilioate solution.
In this country for commercial processes S0 4 ~ is probably
5
used exclusively. In Europe the Hoepfner process using
ZnCl 2 and the Sanna6 process using Zn(NHa) 4 (0H)2 have found
application. The objections that may be raised against ZnCl 2
are tne special electrodes necessary and the complicated system
1. Moore, Chem. News, v. 53, ^09
2. Lossizza, French Patent ,370303
a. M&tuschek, German Patent 344230
4. Goldschraidt, Chem. Abs. 1909, 1321
5. Gunther, Darstellung des Zinks, pp. 9b-l30
5. Sanna, Eng. and Mining Journal, v. 89, 1105
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of circulation of electrolyte, and against Zn (NH 3 ) 4 (OH) 2 the
invariable deposition of spongy zinc. To the advantage of the
ZnClj is the production of CI. To that of Zn(NH 3 ) 4 (OH) 3 is the
non-solution from the original material of most of the trouble-
some impurities. It also has a lower decomposition potential
than either ZnS0 4 or ZnCl 3 with the consequent advantage in the
consumption of energy. On the other hand, the S0 4 ion has the
advantage of economy in that sulfuric acid weight for weight of
active material is by far the cheapest and most readily avail-
able of the three reagents. In its favor also is the satis-
factory deposit which may be obtained from the sulfate solution
under proper conditions. Hansen thinks the hydrate process to
be Impossible while Sanna 2 considers it superior to any other in
his knowledge. Snowdon 3 concludes from his investigation that
either acid or alkaline solutions may be used.
4. Concentration of the zinc ion
The concentration of the zinc ion is ^r ery important. It
varies in different cases from saturation 4 with respect to the
particular zinc salt used to 3 percent for ZnS0 4 . Gruner
gives 5$> ZnS0 4 and 5$> acid as the most favorable concentration
for maximum current efficiency while for the energy consumption
a minimum concentration should be 10/fe. Increasing the acid
i. Hansen, Met. and Chem. Eng., v. 14, 130
s. Sanna, Eng. and Win
.
Jour., v. 8S, 1103
3. Snowdon, Trans. Am. Eleo. Chem. Soc, v. 11, 131
4. Paweck, French Patent 386773
5. Gruner, Chem. Abs. 1913, p. 3033
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content lowers the rate of precipitation but also decreases
the drop of potential. On the other hand, increasing the zinc
content increases the size of the crystals deposited. A few
patents have been granted on specifid electrolyte concentrations.
A German patent to Bianco
2
specifies ZnS0 4 135-375; F*S0 4 6-40;
A1 2 (S0 4 ) 3 3-55; NaC 2H 3 s 3-3; H 3 834-487. Presumably this is
to be used for coating iron with a layer of zinc. Another to
Kern
3
calls for ZnCl 2 10; Na 3AlCl« 3-3; NaCl 3; beet sugar 3-4;
H 3 100. A British patent, to Tainton
4
requires ZnS0 4 10-llj»;
acid 10-30%; gum tragacanth 0.1-1%. The most favorable con-
centration very likely varies considerably with circumstances .
5. Acid concentration
The concentration of the acid is under best conditions very
s
low. Satisfactory deposits are obtainable, however , with acid
concentrations as high as 30% according to Gruner? Pring and
5
lainton state that high acidity causes a fall in efficiency.
5. Imourities in the electrolyte
The most troublesome impurities obtained in the extraction
of ores are cooper and arsenic. These are, however, absent
in cur solution, the only impurity being iron. This must
always be removed. When the iron content is high it is
deposited to the exclusion of zinc. Up to the concentrations
of about ijo Pring and Tainton conclude that the iron is not
Snowdon, Trans. Am. Elec. Chem. Soc. v. 11, 131
s. Bianco, German Patent, 341170
3- Kern, German Patent 344=433; U. S. Patent 999565
4. Tainton, British Patent 7335
5. Pring and Tainton, J. C. S. V.1Q5, ?10
s. Gruner, Chem. Abs. 1913, 3033
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deposited in its due proportion. Thus solutions containing
0.1 to 1% of iron gave deposits with only 0.05 to 0.1%. The
zinc concentration was around 10%. The authors, however, do
not show what theoretical results based on the Nernst formulae
were to be expected, so tnis conclusion is in doubt. Holbrook
gives even more surprising results. He states that a solution
containing 20 grams ZnS0 4 and 50 grama FeS0 4 per liter gave
a deposit with only 5.21% iron, while another solution contain-
ing 3o grans of each per liter yielded a deposit with only
1.25% iron. To remove the iron, it must be oxidized to the
ferric state and orecipit-ited with an alkali. MnO;g is the
oxidizing agent most often used and the precipitating agent may
be ZnO 2 or powdered limestone 3 . Buddeus 4 advocates the follow
i ng procedure: The ferrous iron and zinc are precipitated with
CaCC 3 or Na 3C0 3 , the precipitate filtered, washed, and dried,
thus converting the iron to the ferric state. From the dried
mixture the zinc may be leached out. Holland and Bertiaux 5
recommend ad lition of H 3 S0 3 to the sulfate solution followed by
neutralization with NaOH and addition of KON
.
K 4?e(CN)« is
formed and from this only zinc is deposited.
7. Addition reagents
By the term addition reagent is meant a substance added
to the solution in order to improve the ieposit, or the
•
.
Holbrook, Thesis Univ. of Wisconsin, 1913
2. Siemans and Halslce, German Patent 21,3004
3. Ingalls, Met. and Chem. Rng
.
, v. 14, 234
4 . Buddeus, U.S. Patent 1120633
5. Holland and Bertiaux, Compt . Rend., v. 133, 1363
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efficiency of the process . Or panic addition ap;ent are usually
used in snail amounts to improve the deposit, but it has also
bean shown that certain inorganic salts have a favorable effect
without at the same tine decreasing the energy efficiency as
is invariably the case with organic materials. Oxalate ions;
Na£0 4 ; NaS0 4 plus Na aC aH 3 2 plus glacial acetic acid; NH 4 Ci
plus Na 2 S0 4 ; (NH 4 ) aS0 4 * and tenS0 4
5 (French process), are re-
commended by different men. Inorganic agents may sometimes
have to be added in amounts comparable to the concentration of
the zinc in solution. In many cases organic matter will be
present in the solution due to its being extracted in small
amounts from the ore, so that it is not necessarv to add any
6
further ouantity. Watts and Shape investigated fourty-two
different reagents jn a solution containing 35^> ZnS0 4 «7H 20, at
33° C, using a current density Qf 1.8 amp . /sq . dm
.
, and
addition reagent in the proportion of 1 gram per liter. They
concluded that beta-naphthol was the best reagent to use.
7
Pring favors gum arable. Resorcinol has also been recommend-
ed. Pring and Tainton 8 found the addition of 0.5 gram gum
arabic and 0.5 gram dextrin to be most advantageous in their
work. The same authors in their paper give a discussion on
the theories proposed concerning the part played by colloids
•
.
Reinhardt, J. A. C. S., v. 34, 193
s. Price, Chem. News, v. 37, 89
a. Lemetere, British Patent 11432
4 . Wilson and al . , U. S. Patent 1033735
5. Lyon and al . , Wet. and Chem. Eng., v. I4, 30
6. Watts and Shane, Trans. Am. Else. Chem. Soc . , v. 35, 391
7 . Pring, comment on e above
.
9 . Pring and Tainton, J. C. S., v. 105, 710
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in electrolysis.
3. Spongy zinc
Spongy zinc deposits have not greatly trouble! in
American practice. It is, however, the general type of de-
posit from hydrate solutions. Sanaa, the leading exponent
of the hydrate process, claims to be able to compact the zino
sponge by subjecting it to heat and prsssure simultaneously.
Pring and Tainton 2 cite several theories proposed concerning
the formation of this deposit. According to these authors
3
Mylius and Froimn attribute the formation of porous zinc to
the production of oxide, and action which is increased by pre-
sence of oxidizing agents and diminished by reducing agents or
in acid solutions. Apparentlv the contrary opinion is held
4
by Siemens and Halske w>>o think the porous zinc to be due to
the formation of zinc hydride, and that, therefore, its form-
ation is hindered by oxidizing agents or chlorine which oxidiz
the hyirogen. A later investigation bv Forester and Gunther*
leads these workers to the conclusion that the production of
zinc sponge is due to the following phenomena. In an acid
solution, the solution may become at the cathode locally
alkaline. Under this condition the ieposited zinc is ener-
g'-^ticallv oxidized by atmospheric oxygen with the formation
of ZnO. "It is finally shown in detail that all definitely
'
.
Sanna, Ens- . and Min. Jour., v. 39, 1105
2 . Pring and^Tainton, J. C . S., v. 105, 710
3 . Mvlius and Fromm, Zeit. Anorg. Chem., v. 9, 153
4 . Siemens and Halske, Dingl . Poly. Tech. Jour. 1393, 353
s. Forester and Gunther, Eleotrochemie v. 5, 13
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ascertained facts relating to the formation of sponp-y zino
point to T.he conclusion that it i.s produced whenever the con-
dition of the solution at the cathode is such that basic zinc
salts or zinc hydroxide separate there."
9. Electrodes
The choice of electrodes is limited to such material as
will add no complications to the electrolysis. In the case
where the process is used for winning the zinc an insoluble
anode must therefore be used. For commercial anodes lead is
»
most often used, a notable instance being at Anaconda,
Fabricated Pb0 2
a
has also been suggested. For cathodes Zn,
Al' fabricated Pb0 3
s
, and Hg
3
( presumably for the hi?h hydrogen
overvol tape) have been advocated by different workers.
10, Circulation of electrolyte
The electrolyte is in all cases circulated or what amounts
to almost the same thing in many cases the cathode is rotated.
Information concerning the speed of rotation is vague as this
is always expressed in r.p.m. without further description of
the electrode. From the point of view of the electrolysis,
there can be no maximum speed while the minimum speed probably
varies widely with the conditions existing in each case.
Snowdon 4 concludes on this point that the hlpher the rate of
of circulation the higher the limit! ng current density above
*hich the deposit becomes unsatisfactory.
'. Ingalls, Met. and Chem. Eng., v. 14, 334
2. Siemens and Halske, German Patent 195033
a. Reed, U. S. Patent 1300035
4 . Snowdon, Trans, Am. Elec. Chem. Soc . , v. 11, 131
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11, Current Density
Low current ierisities are favored in commercial processes.
It must be remembered that the heating effect varies as the
square of the current. Nevertheless, Kern in .'is patent
specifies "a riigh current density", Tainton calls for 0.11
to 0.55 amp./sq.cm. Snow ion 3 investigated the deposition of
zinc at different current densities from C.05 to 0.7 amp./sq.cm,
He found that the best current density varied with the rate of
circulation and the temperature of the electrolyte, also that
increasing the current iensity decreased the size of the
deposited crystals. Pring and Tainton 4 made an investigation
bearing particularly on the "Flectrodeoosi ti on of Zinc at High
Current Densities". They cite in their paper the recommend-
ations of a few autnors on this point. Thus Mylius and
Fromm 5 give about 0.15 amp. /si. cm. as the best current density
for very slightly acid solutions of ZnS0 4 . Killiani obtained
good results with densities varying from 1 .3-10 amo./sq.cm.
In their own investigations the authors (Pring and Tainton)
used values from 3-10 amp./sq.cm. They concluded that other
things being equal, increasing the current increases the
tendency of the deposit to tree, but up to 0.5-C.3 amp./sq.cm.
it also increases the efficiency. In another place Pring
7
•
.
Kern, German Patent 344432
a. Tainton, British Patent 7335
3 . Bnowdon, Trans. Am. Eiec. Chem. Soc., v. 11, 131
4 . Pring and Tainton, J. C. S., v. 105, 710
5. Wylius and Fromm, Zeit. Anorg. Chem., v. 9, 153
s . Killiani, Berg, und Huttenman Zeit., 1333, 351
7. Pring, Comment on Watts and Shaoe Trans. Am. Elec, Chem.
Soc, v. 35, 391
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advocates densities of 0.5-0.5 amp./sq.cm. Ingalls , des-
cribing che rrocess at Anaconda mentions current densities at
the cathode of 0.033-0.033 amp . /sq .cm . The average being about
0.035 amp . /sq.om.
13. Temperature
The temperature of the solution has considerable influence
on the various phase of the electrolytic process. For best
2
results it should be low. In a patent Lemetre specifies
3
"below 30° C. Snowdon finds that the maximum current density
for satisfactory deposit goes down with increasing temperature,
furthermore, increasing the temperature increases the size of
the crystals deposited. The latter effect is borne out by the
investigations of Pring and Tainton „ ,
13. Reasons for choice of the sulfate solution in this work
Sulfuric acid was chosen as the most suitable for electro-
lysis of the reagents used. The reasons for this are several:
(1) The zinc smelter usually manufactures this acid (3) It is
cheaper than any of the others (3) But little more of H 2 S0 4
(100% by weight) is required per pound of zinc, than its most
likely competitor HCl (4) The sulfate solution gives the best
promise of success in electrolysis.
As has been shown, however, the extraction of the zinc by
H 2 S0 4 is not nearly complete even with aci 6 of density 1.55 and
the residues in a condition so fine that 95 +- % pass through a
Ingalls, Met. and Chem. Eng., v. I4, 334
2. Lemetre, British Patent 114 33
3 . Snowdon, Trans. Am. Elec. Cherr . Soc, v. 11, 131
,. Pring and Tainton, J. C. S., v. 105, 710
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100 mesh slave. It was, therefore, not considered worth
while to go into great detail in trie matter of electrolysis, but
rather to determine in a general way the behavior of such an
extract as might be expected in actual practice. For this
purpose the residues as received were covered with H 2 SC 4 of
about 1.5 tirres critical strength and allowed to stand for ten
days, then filtered and washed. The solution was concentrated
until the volume was about twice that of the original reagent
added, then after several ref iltrat ions it was considered ready
for electrolysis. It may be added here that difficulty «as
encounter -d in freeing the solution from S10 2 . After the
solution was apparently free from solids, it would again de-
posit particles of precipitate on standing for a short time.
After refiltering the same thing would happen and the final
solution obtained after four filtrations still precipitated
S.i0 2 .on standing.
14 . Solutions used for electrolysis
The three solutions listed below were used in electrolysis:
Solution I. Zinc . OS gm . /cu . cm . (about 15% ZnS04 ),
Iron 0.0192 gm./cu.cm. (about &f> FeSOj. Acidity 1.0 N (about
10/o acid). Silica and organic matter in undetermined amounts.
Probably very small amounts of the other metals present in the
residues (see qualitative analysis). Remarks; This solution
was obtained as described above.
Solution II. Zinc 0.04 gm./cu.cm. (about ZnS0 4 )
.
Iron - trace. Acid - trr.ce. Other metals as in solution I.
Silica and organic matter. Ammonium sulfate in undetermined
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amount (perhaps 10-lF./c) . Remarks; This solution was made by
neutralizing; solution I with NH 4OH, oxidizing the iron with
bromine and precipitating; as Fe(OH) 3 with NH 4 0H. For some
reason a very email portion of the Fe(0M) 3 remained suspended in
the colloidal state djid could not "be filtered out. Due to this
cause the solution II contained a trace of iron.
Solution HI. Zinc 0^03 gm./cu.cm. (about 8^ ZnS0 4 ) . Iron
trace. Acid - close to 5/», Silica, organic natter* other
metali and (HH4 ) aS0 4 as in solution II. Remarks: Made from
solution II by addition of &%> of its volume of concentrated
H 2 SO„.
15. Electrolytic apparatus
A 4OO cu. cm. portion of these solutions was electrolysed
in the apparatus shown in Fieure I below:
The Blectrolytio Apparatus
FIGURE I
This apparatus is defective in the matter of circulation
of electrolyte, the tendency being rather to form local than to
cause uniform circulation about the electrodes.
x hot ographs of kathodes in "able VI
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16. Results of el etrcl ysis
In Table IV below are *7iven the details and the results of
the electrolysis and following that photographs of some of the
electrodes mentioned in the table.
TABLE IV
Results Of The Electrolysis
Anode Cat nude
Current Current
Density Densi ty Rev . /min
.
No
.
Sol » n. Anode Cathod e Amp./sq .cm . Amp . /sq .cm
.
Of stirrer
I Fe Fe 0.153 .316 56C
2 I Fe Fe 0.390 . 31 5 560
3 I Fe Fe 0.500 O.546 560
4 I Pb Fe 0.170 0.180 5 SO
5 I Pb Fe o.iao 0.300 58C
6 II Pb Al 0.150 0.180 5607 II Pb Al 0.130 0.150 560
*3 III Pb Al 0.170 0.130 5609 III Pb Al 0.150 0.170 560
10 III Pb Fe .300 O.34O 530
11 III Pb Fe 1.300" 4.4OO 560
Distance
Between Potential
Electrodes Gradient
No. Sol«n. In Cm. Volta/cra. Rerrarks
•1 I 3.0 1.1 Cathode deposit on drying showed
3 I 3.5 1,5 rus ty spots, indicating the depo
3 I 3.5 3.0 sit of much iron. Anode went in
solut ion
.
4 I 1.6 Zinc deposit coarsely granular
and loose
.
5 I 1.9 1.9 Addition agent 1 gm. MnSO. . No
appreciable advantage over No. 4.
*3 II 3.5 2.0 Zinc deposit, dark, granular
and loose.
*7 II 3.5 3.2 Addition a^ent 1 gm, MnS0 4. .
Deposit dark, coarsely granular,
but adherent. Ran only 5 min.
( continued)
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8 III 3.4 1.7
9 III 3.0 3.8
•1G III 3.4 3.1
11 III 3.7 6.7
(Table IV concluded)
Die tance
Between Potential
Electrov1.es Gradient
No. Sol'n. In Cm. Volts /cm. Remarks
Addition agent 1 gm. MnS0 4 .
Deposit light and srrooth. Ran
only 10 rr:inute3.
Addition agent naphtalene.
Deposit coarse, but adherent.
Cathode deposit fair, but poor
at el pes.
Cathode deposit dark, but srrooth
and adherent
.
* Photographs of xhese cathodes are shown herewith.
17. Conclusions on the elctrolysis of zinc solutions used
Any electrolytic process cay be must changed by slight
variation in any one of its various phases. It is thus a risky
matter to reason about it. Especially is this true where the
results are obtained with so simplified an apparatus as was used
in these experiments. We can therefore only say that the re-
sults point in general to certain probably conclusions:
(l) The solution obtained by extraction will not give a
good deposit without the removal of the iron.
(3) The solution containing 5% of acid gives a better de-
posit than the barely acid solution.
(3) The addition of naphtalene is of doubtful value.
(4) The addition of MnSG\ is of some advantage at least if
the deposition ie not continued too long.
(5) The use of the solution with the iron renoved for zinc
plating on iron does not appear advisable because of xhe coarse-
ness of the deposit and its tendency to be loose.

as
V CONCLUSIONS
1. The probable economy of the process
The economy of the process for obtaining zinc from retort
residues after the manner of this experiment is doubtful. In
the first place the sulfuric acid does not completely extract
all the zinc and in the second place, the satisfactory recovery
of the zinc from the extract is difficult to accomplish.
3. Other possible methods
The work described above by no means exhausts the possible
methods of extracting the zinc. Let us remember that these
residues are comparatively free from metals other than zinc
and iron and that they are very readily available for treatment.
Let us further remember that sulfuric acid is a relatively
cheap comoiodity to the zinc smelter and that the extraction of
the zinc was made with very sample apparatus. It may be that
some one cf the salts of zinc are sufficiently valuable to
justify the extraction of trie zinc in the form of that salt,
the acid for this leaching being made, if possible, at the
smelter from the sulfuric acid there produced.
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VI MALYSlS OF THI RESIDUES
1. General remarks on the analysis
The residues in general, offer no special difficulty in
their analysis either qualitatively on the whole list of cations
or quantitatively for zinc and iron. Such difficulties as are
involved are due to the presence of organic matter which has
been dissolved out.
3. Preparation of the solution
The preparation of the solution is the same for the qual-
itative and the quantitative analyses. The residues are first
ground to such fineness that at least 95 -f % pass thru a 100
mesh sieve. The solvent is HC1 assisted, it may be, by an
oxidizing agent such as KC10 3 or HN0 3 , care being taken to drive
off all the chlorine or nitrogen oxides in each case. The re-
sulting solution is several tiir.es^ taken down to dryness and
redissolved in dilute HC1, to dehydrate the SiO a and remove part
of the organic matter,, extracted from the residues.
3. The qualitative analysis
The general procedure followed in the qualitative analysis
is that outlined by W. A. Noyss in his "Textbook of Qualitative
Analysis". Lead must be tested for separately, due to the
fact that the above method involves the use of hot concentrated
sulfuric acid in testing for this metal. The hot acid chars
the organic matter and the solution turns black.
4. Results of the qualitative analysis
The qualitative analysis showed the following metals to
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be present: Zn, Fe, Mg, Ca and Al (perhaps In very small
amount); and the following to be absent: Pb, Cu, Cd ( Or, Un,
Co, Hi, Ba and Sr. Non-metallic constituents of the residues
were: S, Si0 2 , organic matter, anthracite ooal and probably
oxygen in metallic oxides.
5. The quantitative analysis
Quantitatively, the residues were analyzed for only zinc
and iron. Information on the general quantitative estimation
of the important constituents of sine retort residues is given
by Evans. Demorest writes concerning the determination of
zinc in ores, which method is also applicable to residues.
3
Low gives four metboJs and several modifications of the same,
for the quantitative estimation of zinc in "ores, etc.". It
is likely, however, that any standard method of zinc and iron
analysis could be modified to give sufficiently accurate results.
6. Estimation of the zinc
For zinc it was found best to use the method given by
Scott 4 for the determination of zinc in acid solution with stan-
dard K 4Fe(CK) 6 , using 10> UO(NQ 3 ) 2 as an outside indicator.
This method requires the preliminary separation of the iron as
there outlined. The same author gives a titration method for
zinc in alkaline solution which does not require the separation,
of the iron. In this case, however, it was found very difficult
'
.
Evans, Wining- Science, v. 62, 44O
3. Demorest, J.I. I, C., v. 5, 303
3 . Low, Technical Methods of Ore Analysis, 7th ed. pp. 234-303
4 . Scott, Standard Methods of Chemical Analvsis, pp. 551
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to determine the end point accurately.
7, Estimation of the iron
The iron was titrated with KMnO^ after the addition of
Zimmerman-Reinhardt reagent.
8, Results of the quantitative analysis for the zinc and iron
The results on three, five gram samples agreed remarkably-
well as the following table indicates:
TABLE V
Zinc And Jron In The Residues
Sample °h Iron % Zine
1 B.44 S.33
2 3.44 9.36
3 3.<±3 3.74
Average 3^5 9,73
9, Estimation of the combustible and the incombustible
The stimation of the combustible and of the residues re-
maining after combustion was done in this manner. The residue
left after extracting the zinc and iron for quantitative anal-
ysis was dried, removed from the filter paper , the paper ignited
and the ashes added to the dried residue. The weight of this
represents the weight of combustible plus incombustible. The
residue was then ignited over the blast to constant weight ^.
From this could be calculated the weights of combustible and
incombustible, respectively. It is to be admitted that this
method cannot lead to very accurate results. Nevertheless, a
little thought will suggest certain modifications which will
%%
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lead to better results. To compensate for the lack of accuracy
in the individual determinations, six different sample a were
taken. It is hoped, thereby, a fairly representative average
has been obtained. The results are given in the cable below:
TABLE VI
Combustible and Incombustible in Residues
h Combustible
Sample Incombustible % Combustible 1° Incombustible
1 73.3 34.0 41.3
3 78.3 35.6 44.0
3 77.0 34.4 41.4
4 78.6 36.0 44.0
5 76.5 33.9 4I.8
3 7 3.3 33.7 43.3
Average 77.3 34.3 43.6
The total of the averages of zinc, iron, combustible
anj lnoombuetible contained in the residues is' 93.38^, This
leaves 3.33% unaccounted, for. Most of this is probably
magnesium and the rest is sulfur, oxygen and calcium.



